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INFLUENZA STUDIES. 

I. 	ON CERTAIN GENERAL STATISTICAL ASPECTS OF THE 1918 EPIDEMIC 
IN AMERICAN CITIES.! 

BYRAYUO~%PEARL,Ph D ,Prormor or Blometrr and Vital Statstss,  Stllwl or H~g;cneand Pu1,h 
Ilczlth, Johns IIop1.i~~VTm\eruty. Consultmt m \-it31 Stelk;tire nna Fpidrrmologr. l-nt’cd S t l t a  
Ptihlw Enslth Senwe 

The pandemic of influenza which svept  over the world in 1918 
wn4 the most severe outbreak of this disense which has ever been 
known, and i t  takes an unpleasantly hiqh rank in  the roster of epi
demics generally. It is certainly impossilde now, and perhaps always 
will he, to  mRke any precise statement of the number of people who 
lost their lives because of thiq epidemic.. But i t  is certain that  tho 
totnl is an appalling one. rndoubtedly ft @at many more people 
died from this cause than from all causes directly connected \nth 
the military operations of the Grcnt Kar. In the United States 
done conservative estimates plncc the deaths from the influenza 
rpidemic a t  not less than 550,000, which is nppmsimntely fivr timw 
the n u m h r  (111,179)of American soldiers oflicially statrt12 to  
hare  loqt their livcs from all cnuces itl the war. And the end of the 
epidemic is by no mean4 get reached. I n  England and Kales the 
curve of mortality from influenza X-RS even in 1907, seventeen yenm 
after thc epidemic of 1S90, hieher than it was in any of the 40 yeam 
prrceding 1SW. The decline in tho mortality rate after the 1848 

There is no evidentepidemic in Great Britniii was similarly s l o ~ . ~  

rruson to  suppose that  conclitions follocving the first explosion of 

this present epidemic .nil1 bc essentinllp difl’errnt from those v-hicli 

obtained in thc earlier caws. 


For two rrason’s the hygienist and epidemiologist should 110 


intcrwted in  the intensive study, from every possible angle, of the 

present pandemic. I n  the first place, oning to  the adraiices which 

hare been made in erery branch of medical science since the epi

demic of 1890, there is now available a much more adequate ii,rcsti


1 i’apcrs rrom thc Drpnrtment 01 niomrtry and T i l n l  Ftati-tin, School ofIlgRirnc and Puhlir llcnllli, 
Johns Hopkins C‘niversity, Xo. 5. This inrccti&inn was rarrird on in ronrnllstionwith tho Unite3 
6t3tm I’uhlir ITrnlthSrrvice,O R i r c o ~ iirld lnwrlipationson In!!urnza,Dr. W. 11. I‘ru;t,su:‘~coiiinrh3r~:P. 
Rrprint rrom thr i’iihlir nralth llrports, col. 3i,  S o .  3?, h o g .  8, 1919, pp. 17-13-1733. 

*As or dstr ~ p r .30, 1919. 
a Ci. Artu:lo on “lniluunra” In Rncyelopedia Ilritamicn, 11th Edition.lor n conveniently aceessibla 

reMiation nf lhen statrmenk 
3 



4 STATISTICAL STVDICS O F  TIiC 1918 INFLUENZA EPIDEMIC. 

gational armament with which to  attack the problems raised by such 
‘ a n  epidemic thnn was tlic caso earlier. Furthermore, the wholo 
machinery for getting accurate records of the incidence and results 
of the outbreak are much better now than they aere  30 yews ago. 

’ This is particularly true in the Cnited States. The records of mor
’ tality connected with the present epidemic are unquestionably more 
’complete rind accurate than any that haro erer before been arail
able in this country for any epidemic of anything like so great extent 
or force. 

In  the second place, the wry mngnitde of this epidemic is in 
itself a chnllcuge to the \Thole medical profession. The hygienists 
of the world are the standing army, which is, in theory a t  least, 
maintained by society to organize and hold the defenses against 
such drcatl invaders n.s these. Such a blow as tho present one may 
well inspire a slogan like that which savcd Verdun, ‘‘Z7.s ne passcront 
p ~ 9 . ’ ~If cvery spitlcmiologist does not take advantage of the 
present opportunity to  inrcstigate with all possible thoroughness 
cpitlrmic influenza, to tho cnd of malting a Lcttcr defense nest time, 
hc will hare  Lccn derelict in  his plnin duty. 
., Thc prcwnt pnpcr is intendctl ns  a firqt contribution toward the 
statistical analysis of certain plinscs of the 1918 influenza epidemic. 
It will I N  followed by furthrr papers in the snmc series dealing with 
other nywct4 of the problem. In  the first studies in tho series 
attention n-ill bc confined rntircly to the mortalif?/rccords of some 
forty of the largcr citics of tho Vnited States. Tho reason for this 
limitntion to mortality only rid to large cities is that accurate nnd 
rclia1)lcdata within these Iimitntions arc now arailahle, and tho same 
cnn not be stlid of morbidity rccortls, on anithing like so general a 
srnlc. Latrr it 1s expected that sufliciently arcurnto and estensive 
mor1)idity statistic? of tho cpidrmic to warrant statistical analysis 
will bc aLvnilable. 

?‘ho t l iLt i i  of tliis study nro tnltcn primarily from the ‘Teeltly I-Iealth 
Intirs.1 On account of viirying mcdical opinions as to tho properly 
rcportablc tcrniinal C I ~ I I \ Cof dciltli of pcrsons dying after having had 
influcnzn during this cpitlcmic, i t  1111s bcen thought safcst to us0 
tlc:Lth rates from all c a u w  for study, rathcr than those spccifically 
rrpnrtrtl to tlic rc+trnr ns  duo to influcnzn or pncumonin. Consc
cliioiitly, wc \lin11 tlcal with tlcnth ratcs from nll caiic.rq in discussing 
the prrwnt cpitlcmir. ‘J’liiq makes no practical diffcrcnco in tho 
+tntiqticid rcsiilts, becnuso tho tlwintion of tho curvcs of total mor
tnlity from thcir iinrmal cniirsc (hiring tho rpidcmic was due entirely 
to m u w s  iiihercntl>r nssociatcd with tho epitlcmic itself. Tho use 
of tlic tlcnth rntr from all cniisrs duriny tho epidemic has the fur-

1 

< 

1 



STATISTICAL STUDIES OF THE 19118 INFLUEXTZA EPIDEMIC. 5 

ther advantnge that it takes into account those deaths which occur 
from diseases of the heart or kidneys some weeks or months after an 
attack of influenza from which the patient has apparently rccoverecl, 

9 but which in reality are responsible for the fatal break-clown of a 
part of the organic machinery which had long been weak, and only 
required for its complete collapse some such strain as the attack of 

.A influenza superimposed. 
The general problem with which the first study in this series will 

have to do is that of the statistical analysis of the $first explosive 
outbreak of epidemic mortality in large American cities. As will 
presently appear, there wns an extraordinary degree of variation 
amongst the differentcities in respect of the initial force and duration 
of this fi& explosion. These dij’eerenecs between cities in respect of 
the scverity and suddenness vith which they were attacked by tho 
disease constitute the f i s t  great problem which the epidemic has 
raised. What factors had a causal influence in determining this 
great observed r a h t i o n  among cities? The full significance of this 
problem will be apparent when the facts of variation in force of 
esplosive outbreak are before us. The first task of this study is to 
present the data in such a manner as to bring out the real extent and 
magnitude of the variation in the epidemic. 

I am indebted to Mr. John Rice Miner for the greater portion of 
the laborious arithmetic connected with this investigation. 

II. General Survey of the Mortality Curves. 

In order to get in hand the general problem i t  is desirable to examine 
with somc cnre the mortality by weeks in each of the cities dealt with. 
To this end Figures 1 to  6 hare been prepared. On these dingnms 
are plotted, for each city, the annual death rate3 per 1,000 population 
from all causes, for each week, the data being those of the Weekly 
I-Icnlth Index. The plotting is done on a logarithmic scale of ordi
nntcs (rates) and an arithmetic scnle of abscism (wdis).’ The 
curves begin with the week ended July 6,1918, and continue to 1919. 

’I The scale is the same for all dingrams, though different combinations 
of parts of tho logarithmic “declis” arc used in certain cases in order 
to fit the diagrams to the page. 

Anyone examining these curves thus collected together on a uni
form scale for comparison can not fail to be impreqsed by the fact 
that there is an extraordinary amount of difference between different 
cities in rcsptct of the force with which they wcre struck by the 
epidemic a t  its initial outbreak. Compare, for example, the Albany, 
Boston, Baltimore, Dayton, or Philadelphia curves with those for 
Atlanta, Indiannpolis, Grand Rapids, RCilwaukec, or Minneapolis. 
Tho former curves show an initinl sudden explosive outhrenk of great 

I Poradlscrission oithr ndvan~csol“arith1og”pnpersce Fishrr, I. “The ‘Ratio’ Chart for plotting
Statistics.” (junrtcrly I’uhlicatiuns Amer. Stat. Assoc., Mi,pp. 577401. 





1 0 ,  , , .  

6 3  7 1 


FIQ.2--.4nnuaI deathmtcs, by wb,per 1,ooO population, for 8 citios. 
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Fxo 4 --Annual dcnth rates, by weeks 
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Tho cvtent and definiteness of the differences between 
cut-vcxs indicate that there must 1)e diwovcrable clean-cut 
tiating factors which influenced tho influenza daath rates. 

STATISTICAL STUDIES 01:THE 1918 INFLLTXZA EPIDEMIC. 11 
force, while the latter exhibit a much slower and milder increase of 

the mortality rate. 


In  some cases the curve of the first epidemic outbreak rises to the 
peak (ascending limb) and declines from the peak (descending limb) 
a t  about the same rate. This condit,ion of a.ffairs is ssemplified in 
the Albany and Baltimore curves, to mention but two. In other 
cases the rate of nscent t,o t,hepeak is very rapid while the tleclino is 
slow and long drawn out. 
Such a condition is shown 
in the curves for Cleveland 
or St. Paul. 

Sonic of the cities, such 
as Albany, show but a sin
gle Tell-definedpeakin the 
mortality curve.  hiany 
show two peaks. Boston, 
Kew Orleans, and San 
Francisco give beautifully 
typical curves of this sort. 
Finally, a few of the cities 
show tllree well-marked 
peaks. Louisvilleis a good 
osampleof the latter class. 

In  most cases the first 
peak was the highest and 
tho second nnd third were 
progressively lower. This 
~ l " snot trne in all crases, 
howevcr. Milwaukee and 
St. Louis sliowed sccontl 
peaks higher than thafirst. 
Tho wave-like character of 
tho curves in genoral is of 
great. interest. The usual 
idionomenon was a lareo 

0 

first wave followedby a snriesof other smaller ones. This general char
. L . - . - L . .  _ P L l . .  .- . , , P . . . , >  any cpmcmitir tvi ibi i ( :  01 LIIU CUIT~Sis so pronounceu,anu ueiinice ~ n a t  . ,  . 
ologicnl thcory whichis to be a t  all adequate must take accouiit of it. 

It is evident from general inspection of those curves that thrre is e, 
strong justification for taking, as the first grneral prohlem in con
ncction with this outbreak of influenza, the significant causal fx tors  
concerned in bringing about this observed diffcrrntiation between tho 
different cities in rcspect of the forin of tho epidemic mortality curves. 

tbe several
ho extent and definiteness of the differences between t 
.n-v(xs indicate that there must 1)e discoverable clean-cu 

ating factors which influenced tho influenza daath rates. 


differcn-
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TABLEI.--Certnim dntn regardinq ihe t ime rclnlion of the in.fluenra epidemic in large cilia 
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2 3 ...... 

16 4 12 2.7 Pmllily this shmild be 2. 

15 i n  3.0 
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1 First peak data Nov. 2. 
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III. Classification of the Data. 

As a first step in the analysis i t  is desirable to make certain rough 

classifications of the facts brought out by the mortality curves. To 

this end Table I has been prepared. In  this table are set forth the 

following data regarding each of the cities: 


1. The highest peak death rate attained in any week of tho epi
demic up to  March 29, 1919. 

2. The datc on which the highest peak rate was reached. 

3. The number of distinct peaks exhibited by  the mortality curve 

within the time period here studied. These different peaks indicate 
recrudescences or waves of the epidemic. 

4. The date a t  which the second peak in the mortality curvr oc
curred,. in the case of those cities showing 2 or more peaks. 

5 .  The number of weeks elapsing between the first peak and the 
second. 

6. The date a t  vhich the third definite peak, if any, occurred‘in the 
mortality curve. 

7. The number of weeks elapsing between the second peak nntl  the 
third. 

8. The number of weeks during n-hich the mortality rate vas 
higher than it had been a t  any time between the week ended July 6, 
1918, and the beginning of the epidemic. The range of fluctuatior) 
of the weekly annual death rate in the period from July to the end 
of September was held to be suficiently accurate inclication of the 
normal range of fluctuation of the death rate in any particulnr city. 

9. The number of weeks elapsing from the beginning of epidemic 
mortdity to the highest peak of the curvr. This gires a measure 
of the time factor on the ascending side of the epidemic explosion.- 10. The number of weeks elapsing from the time of the highest 
peak of the mortality curve to the tinic when the curre came again 
within the normd range of fluctuation. This gives the time factor 
on the descending limb of the cpitleniic outbreak. 

11. The excess mortality rate, over the normal for the same season 
of the ycar for the same places, for the 25 weeks between Srptcmher 
8, 1918, and March 1, 1919. These figures Tere issued as a supple
ment to  the W ~ ~ l i l y 
Hedth  Index by the Census 


From this tablc a number of points present themselves for discus

sion. They mny bcst be taken up in separate sections, in order of 

tho successive rubrics of the tablc. 


1. dfnximzim prnk d f n t h  mtrs.-The highest or maximum peak rate 
of mortality cluring the epidemic vnrird ~r rx t lv .harine rrtneed from 

I It is  to be unilerstood that all datC.3 here Imd t.hroughou1 are 9s 01 “wccks cndrrl” on tho spcrilied 
and hcnceony Liner time dilkrentiutiun is impossible.date. Thcoriginnl stntisti,.sarccir,,nonlg in ~ w k s  

2CI. Public 1Icnlth Reports, YOI. 34, No. 11, p. $05, 101!1. 



14 STATISTICAL STUDIES OF THE 1915 IXjFLUEffZ.1 EPIDEMIC. 

31.6in the case of Grand Rapids, Afich., to 158.3 in thc case of Phila
delphin. 

Tho distribution of the tliffrrent mnsimum peak rntcs over this 
ange is shon-n in detail in  Tnblc 11. 

m.n- 29.1. ................ 
111.11- 4Y.9  ................. 
50. 11- m. !I................ .' 

11- ,>l#ll. 8 . ! 8 . .  ............... 
7II.11- 7'1.0................. 
HI.11- x11.0 ................. , 
!I I. n- c i t t  !I.. ............... 

l ~ ~ l . l l - l l l l . ! l................. 
11'l.O-1 1'1. ! I . ,  ...............! 
l:!~l.l~-l2!i.!I................. , 
l,l~l.llLl:~!i.!~.................. 
1 I l,l!-I! ' I .! l ._.  .............. 
1- , ( I .  0-IX!l. ................ 

Tatnl ................ 4') 

From Tnblo I1 it. apponrs tlint in t l in  40 citirs consitlcrod tho pcnk 
ratns which woro of the most, frrqiirnt occiirrcncc wcro, generrilly 
spnnking, rntcs blow i 0 .  Twenty out of tho 40 fell bclom tlmt 
figurn. Only 9 out of the 40 cities shon-ctl n mnsimuni peak rat,(,of 
100 or nioro. Up to a ninximinn prak rnt.e of 70 tho  dist.ributio:i is 
vory own in t.ho four clnssrs of 10 points each in the rnt.o. From 
70 on i t  fn11s ofl rnpitlly, with tho  siiiglo crcrption of t,he class of 
rrito froin in0 to 109.9, vllich h n s  n frrqiioncy of 6. 

Tho dctnilatl distri1)ulion of tho niusiniuni prnl; rnto is sliov-n 

grapliicnlly in Figuro 7. 


TABLET I  I.-Consta7!1,q.fim mnrinncm. pro* drlm/li ratm 

I 
... __ 

eonrtsn1. 1 YttIUP. j 
i.L-R.2 
c4.u 
*Y! 

-. 

Tliroo of tho citirs, ICilwnultoc, Kansns City, and Sti Louis,show 
higlirr niasimuni p c d  rntrs 011 tlio socontl wave than on t.110 first. 

2. Dtifc cf o c r u m n w  qf ?ntrx.inrum pmk rccte.-Tho t1nt.o of tho 
work in which tho niiisinimii peak rate occurrrd is givon in tho third 
column of Table I. It will be srrn that tho onrlicst dnte, Ocbhor 5,  
occiirs but taico, nnmttly, in Bost.on nncl Cnrn1)ritlge. Theso two 
citirs, of courso, nro in n tlemogrnpliic sonso prnct.icn.llya singlo unit 
thong11 pcditicnlly scpnratr. At, l h n  ol,linr csl.rcnio tlio lntrst. maxi
niinii pile rn to  (Into is 1)c~~rml)or1.1. Thr cit,ics showing n culininn-
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tion of the epidemic mortalkty during the week which eiided on this 
latter date are Grmd Ra]ids, hfdwaukee, and St. Louis. Grand 
Rapids has an estremely 1peculiar curve, unlike that of any other 
city in the country. &filmaukee nnd St. Louis are two of the cities 
showing the second peak hiigller thnn the h t ,  so in theso two cases 
the date in the third colurnn of T a l h  I rcfers to tho second peak, 
while in all other cities it refers to the first peak. On these accounts 
the upper range Q U ~for LTLaximum peak dato should prohahly not 

FIG.i.-Distribution 01maximum peak drath rntrs in 40 ritics. Certnin constants of the distrihution 
shown III T:iblc 11 are cxhihitcd i n  Table 111. 

bo takon ss Docember 14, but as November 2, sinco tho onlj- other 
latm date, Novembor 16, appoars in n single caso, St. Paul, and t8he 
CUTVQ for that city is agair1 abnormal. There are five cities showing 
ttho peak of the mortality C U ~ Qin tho week ended November 2, 
namely, Cleveland, Los 1hgelcs, Oakland, Pittsburgh, and San 
Francisco. 

The distribution of masimum peak datos is shown in Table IV, 
and graphically in Figure 8 



NZA EPIDEMIC. 

Neak mortality. 

I f  



STATISTICAL STUDIES O F  T H E  1918 INFLUEEZA EPIDENIC. 17 


These constants will serve as a useful record of the time factor in 
tho epidemic of tho autnmn of 1918 in American cities. 

Thirty-one out of the 40 cities hacl attained the peak rate of mcr
tality prior to November 2. 

3. Ximbcr of peaks in mortality curve.-It is clear from the dila
grams already shown that there was consiclorable variation in the 
different cities in respect of the number of epidemic mortality peaks 
exhibited. 

The details on this point am shown in Table I. Putting the cla.tR 
together in the form of a frequency distribution we have the resu Its 
shown in Table V. 

TABLEV.-Showing number of distinct praEs in mortality citrzefrom the beginning of the 
epidemic to Apr. 1,1918. 

1........................... 
2. .......................... 
3 ........................... 

Total................... 

Thus i t  is seen that 26, or 65 per cent, of the 40 cities showed t.V O  
distinct peaks in the mortality curve, while 6, or 15per cent, had  one  
peak, and 8, or 20 per cent, had three peaks. The diminishing wai:e 
like character of the successive peaks is clearly shown in the diagran(IS. 

4. Dates of secondand third peaks of mortality.--In the case of cities 
having two or three pcnlts the distribution of dates of occurrence of 
the second peak is shown in Table VI. 

TABLE VI.-Dislribzclion of srcond-peak dales. 

OCeUT
rciicr 01 
sct'nnd 
pcnk in 

nll  
eilics. 


1 
1 

I!
i 

........ 
6 

2-I Tnta' 34 
-

- .  .L'ertam interestmg fncts stand out clearly from m s  table. In  the 
8 cities which hnd thipee distinct peaks of mortnlity the second peak 
came early-prior t c) December 28. The distrihution for the 26 

136158°-19-3 
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cities hnving two penks of niortality is distinctly bimodal, 312 of them 
showing n modo for the week ended December 21, and I.4 R modc 
somewhere in the wceks of dnnunry 1sand 25. No city liaid n seeond 
pcnk of mortality in the week ended January 11. 1 

Tnlh VI I  gives tlie distribution of dates of the third petxlr of mor
tdity. 

TABLEVII.-Distn'bulion of third pd dates. 

Mnrch R 
hr:m+ I 
MRrch 2I .  l'atn1.. .............. 

ITrro tho o1)srrved modr eridnitly falls somemhcrr in 
entlrcl 111ircli15. 

Tlir t l n l n  of 'I'nhles TI and PI1 nre shown graphirnllp irI Figure 9. 
Thr figures mid dingram a t  once suggest t h n t  the group c>f 12 tmo

pmli citirs showing tho  sccht l  pcnk somewhere betweon December 
7 niit l  dnnunry 4 werc citirs which nt thnt time were presumably ' 
destinrd to show n third distinct wnvc nnd pcnk of moritnlity, but 

. i n  n-hich for some rcnson not now appnrcnt thc third W~I .ve did not 
errntuntc. In  cnnt,r:iclistinctioi1to tlicsc stnnd the 14 citic:s sliowiiig 
n srcwncl priilr of ninrt.nlit,p 1)ctwcm Jnnunrv 11 nnd Jn Inuary 21. 
Thcw lntter nrc prrsumnl)ly rit,irs in which tlic complex of fnctors 
detcrmining tlio form of t.lm mortulity currc wns such as to lend 
clefiiiitrly to n two, n n d  only two, penlrcd rurvc. This iih i  will be 
sn1)stliiitintcd by further eviderice to be prcsontcd immedintely.
A s  n mnttcr of rccortl of tho epidemic in Americnn citics, the mean 

datrs riilculiitcd from Tnbles V I  nnd V I I  are given in Tnble VIII. 

T.rnr.w V l  II.-Ciinsfnnla for dotes ofsrronrl mil tirird innrtnlilg ptWb. 
. I 

-

Pntting rill tlio diit:i togethcr we find for the whole group of cities 
the follwvinga v m q e  relations: 

(a) l h y s  from avernge c l n t e  to mnximum peak in all citiesI to second 
nr tliror mortality l>enIi~=penli in vities showing t ~ o  69.2f). 
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(6) Days from date of second peak, in all cities showing two or 
more peaks, to third peak, in cities having three mortality peaks 
=72.99. 

1 These relations seem at first sight to point to a cycle of about 10 
weeks' duration in the secondary mortality waves of this influenza 


/522 

4c 

dates. 

-r--------, .I."y- ....... \=.', . z . , . . L v L L ,  be more 
accurately discussed by reference to the dnta set forth in Table I 
on the number of weeks elapsinz between tlie successive penks. 
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TABLEIX.-Freepuency distributions of numbe of weeks elapsing between successive 
nwrtality peaks. 

I I -
8.. .............. ; .......... 3 .......... 
7 ................ 2 .......... 
8. .  .............. 6 2 .......... 
Q ................ .......... 

10.. .............. 1 1 .................... 
11 
12................ 2 2 .......... 
la.. .............. 7 7 .......... 
14 ................ a 2 .......... 
1,;. .............. 2 .................... 

................ 4 4 .......... 

I Pi. ............................................. 1-~--
Totnl........ _I 34 1 % I  8 1  8 1  

From this table it appears clearly that there WRS a definite ten
dency for the two-peak cities to fall into two groups in respect of the 
time elapsing between first and second peaks. About a third of them 
had the second mortality peak around 8 weeks after the fmt peak. 
The remaining two-thirds had the second peak, on the average, 
about 13 u eeks after tho first. The three-peak curves had the second 
pcak on nn average 7.1 ItO.3 week after the first, and the third peak 
on an averago 13.11 0 . 3  weeks nfter the second. The cycle in the 
epidemic waves would therefore nppear to be nearly a multiple of 
7 \\.eelis rtither thnn the 10weeks tentatively deduced from the dates 
of pcnks. There the process of averaging obscured the true relations. 

n of the tlurntion in weeks of the explosive epidemic outbreak. 
Xrtinent t l t ~ bnre given in the columns of Table 1 headed 
s rnto was outsidc normal range,” “Weeks, start to peak,” 
s, penk to normnl mtc.” In discussing any question of dura
an cpitlrmic outbrenk of a disease it is necessary to define 

7 nntl usunlly arbitrarily what are to be taken as limiting 
It is nlwnys dificult, nnc! usually impossiblc, to define these 
:points prcriscly and logically so that no one will or can 
D their location. The point has recently been discussed by 
ork and Cnrry‘ who say: “The dilfirult~~* * * lics in decid
iiqt whnt nnint nn iinrliin nrevnlenoo nr nrithroalr hoonmae en;iiig a t j .... ......... , ............ U”~”I.IV.l ~~~

tlcmic.” The gcncrnl cpistrmologicnl principle to be observed is 

rlcnrly this: mint sinro it is usunl l~impossible to say with mathe

mntical prrcision, in thr rase of nn endemic disease, exactly when 
nn epitlcmir outbrrak begins OF ends onc must, in order to &void 

~-
1 fTit,chcork,J.S.nnd Carey, 11. W., “A MocUian Epidemic Index. Amer. Jour. I’ublic IIealth, Vol.Ix, 

pp. 353-33;. 1WIII. 
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unconscious bias in dealing with a series of different localities, lay 
down an arbitrary rule and follow it absolutely. Then the rcsults 
will be correct relative to each otAer, even though there may be room 
for argument as to whether they aro absolutely correct or not. 
Following this principle the following rule was laid down and has 
been used throughout: The epidemic mortality was considered to 
have begun in any city on the date when the mortality cume for that 
city first passed outside the range of fluctuation eyhibited by the 
curve between the week ended July 6, 1918, and the end of the week 
immediately preccding the epidemic rise of the curve. The mortality 
of the first epidemic outbreak was considered to have ended on the 
date when the curve again passed within the samerange of fluctuation. 

This moasure of duration is admittedly rough, but  I think it sufices 
for a first approximation to the facts. It must be cloarly understood 
that the data collected under this dehi t ion  will not measure the 
duration of the epidemic, with any accuracy a t  all, for several reasons. 
In the first place, we are dealing in this paper solely with mortality 
and not a t  all with morbidity. The mortality of an epidemic can, 
only begin a definite nnd significant period of time aftpr the epidemic 
incidence of the disease has begun. I n  the second placc, the nrbij

itrary dofinition on which we are operating hore will include both, 
peaks of some 2-peaked curves and only the first peak of others, the 
differentiating factor bcing of course whether the mortality curve‘ 
dropped down to within tho “normal” rmgc betwccn peaks or did 
not. Now while this will seem to some a scrious, not to say totally 
invalidating, criticism of the here defined measure of duration of 
first outbreak, I think it really has no weight a t  all. The facts are 
that in some cities (A) there was a sharp explosive outbreak of epi
demic mortality. The dcath rate curvo went up abruptly and 
came clown abruptly till i t  was as low as i t  was before the 
epidemic outbreak.’ In other cities (13) the curve went up abruptly 
and came down, but  only some part of the way, distinctly not 
reaching so low a rate as prevailed before the epidemic. Now by 
any canons of common sense it would seem clear that in tho A 
cities the particular epzdemic outbreak about which we are talk
ing came to an end when the death rate was again normal for the 
locality and season. Subsequently the death rate. may have again 
risen abruptly. But if it did it was a new and distinct epidcniic 
outbreak, temporally and spatially related to tho first outbreak if 
one likes, bu t  definitely separated from i t  by a longer or a shorter 
period in which the mortality rate was normb. Converscly in tho 
B cities even though the mortality rate did decline from the masinium 
peak rato, still i t  did not go back to normal, or in other words i t  
remained an epidemic mortality, in tho common sense of that w-ord. 

I The rate after this depression may have risen to a new second peak, 

I 
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but nll tho time i t  was part of tho same epidemic outbreak. Thus i t  
clearly appears that there is n real distinction between the A cities 
and the I3 cities. This distinction is reflected perfectly in tho durcr
tion definition hore adoptod, and would be wholly lost in any scheme 
of measuring duration by peaks alone. I t  only needs to be kept 
firmly fixed in mind that me are here mertsuring the length of time 
during which the death rats was higher than the normal death rate 
for the same city, in the first continuous outbreak of influenza 
mortality. 

T o  map first consider the total number of weeh that the mortality 
was o u t d o  the July to September range of fluctuation. The f:s
quency distribution is givon in Table S. 

.. . _.. 
otd ....~ ............. 

T h o  rnneo of vai ,tion in tho duration of the 3t outbreak of 
npirlrmir mortnlitp, nr hrro defind, is groat, from five moolrs on thr 
ono hnntl (Rictimond, VR.)to 2.7 ncoks on tho othor (Atlnntn, Ga.). 
So p n t  is th is  vnrintion that its grnoral trend is not easily compro
hrnrlo(1 until tho fiqirm nro somon-hnt comhinod. If that is donr, 
rert:iin ~ n n m lmlntions Rppnar. Fimt of all, i t  is to he notod that 
30 citiw, onrtlp one-half tho total numlwr, showrd n duration as 
hero clofinncl of 10 wreks or lrw, while in the other hnlf tho duration 
wn4 11 w ~ k snr ovnr. Tho mndinn dumtiou RYIS then 10.5 wrrks. 

In pnornl, tho tondenrv wns for tho shorter duration to occur 
morn frrquenfly. This is acll shown Figure 10,which is plottod 
f n m  the last rolnmn of romhinrtl figures in Tnblo S. 

Vonsitlnrnldy tho largwt siiylo area in the histogmm is tho first 
ono covnrinc tluralions of firo to right wwlw inrlu.sire. The fre
qnrnciw TOT tlir Iongrr periotls, shown in four-work groups, 1)ocomo 
surctwivcly sm:iIItv. 

I 




STATISTICAL STUDIES O F  THE 1918 INFLUENZA EPIDEMIC. 23 

From the uugrouped data of Table X the following constants have 
becn cnlculntod: 

Moan duration of epidemicmortality in the first outbreak= 11.90f 

rtslity 



__.. 

24 STATISTICAL STUDIES OF THE 1018 INFLUEXZI IEPIDEMIC. 

TABLEXI.-Freqmng distributww fur two moieties of rp idmit mortality carre (,tint
outljrenk). 

I 
Weeks. Norm31 

t o  peat 
(tUW"<l-

ing limb) 

C"m11-
bid rrc. 
qucncp. 

i
.1 

-I- I-
5 .................... 

22 2 
34 13 15 
34 zn 
37 3 21 
37 
34 

1 2(  .......... 21 

Frequency. 

3Y 2,: 
39 1 27 
40 1 29 
40 3 31 
40 2 33 
40 1 31  
40 2 36 
40 3 39 
411 .......... 39 
411 _ _ _  _.. 39 
411 -40 

.......... 

Tho first point which strikes one from this table is that it, in 
nnmrrical form, confirms what is apparent from inspection of the 
individual curves, namoly that (n )  the epidemic mortnlity curve in 
tho first outbreak frntls in gmernl to nscond to the peak a t  a more 
rnpid rato, or in othnr words more abruptly thnn i t  descends; and (a) 
thrro is a great deal more variation among the cities in respect of 
tho tima intrrvnl covered by tho nsconding limb of the mortdity 
curro than in tho time required for tho mortnlity to come from the 
prnk rato bnclc to normal. In  34 of tho 40 cities i t  required 4 weeks 
or 1rs3 timo for the mortality rate to pass from normal to its epidemic 
prnk. But in only half ns many (17) of tho cities did the rato come 
down from its ponlr to normnl ngnin in a period of 4 weeks or less. ITho conqtnnts of tho two distributions nro ns follows: 


hlenn time from normal mortality rato to peak=3.90&0.21 weeks. 

Stnntlnrd doviation in time from nonnal mortality rate to peak= 


l.98f0.15 works. 

hfonn timo from peak mortnlity rate to nomd=S.OOf0.50 weeks. 

Stnutlard dovintion in timo from penk mortality rate to normal= 


4.08 f0.35 woeks. 
From thoso figures i t  appears that on the averqe i t  took about 

twice as mnny \~oolrsfor tho mortality curve to come hack from its 
poalr condition to tho normal ngnin, aswere roquir- ' I-- 'L- '-----
from normal to ponk nt tlie bcrginning of tho es 
fipruros, tho nscontling limb of tho mortality curv 
mouth n n i l  tho deqconding limb about two month 
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1-1.8 ....................... 1 
2-2.9....................... G 
33.9....................... G 
4-1.9 ....................... .I 
5-5,s ....................... Y 
64.9....................... 3 
7 - i . 0  ....................... n 
&Y .‘3 ....................... 1 __ 

Tntal................. 31 

Considering tho sninll niimlirrs involved, this is a �airly sinoot,li 
unimotlnl clistrihut,ion. IInlf of the cities linve escrss rates lxlow 
five, nntl  half nhore. Cnlculnt,ing from t.lie ungrouped innterinl we 
�id

h l r n n  25-week excess niorta1it.y rntr= 4.75k0.20. 
Slnndnrtl tlcvintion .in 35-arrlc escrss niort:ility rirt,e= 1.7F k0.14. 
7. S ~ t ~ i i ~ n n ~ yq ’ w r i n f i o niluta.-Summarizin,, i t  may be said t l int  

t.ho purpose of tho material so frir preseiit,rd is simply t,o place in 
ordcrlp rirrny the busic stntist>ic:il clinriicterist,ics of the wreldy 
mortiility cnn-cs of t.lic 1018-3!) inflnrnza cpidomic in American 
cities, to tho entl t h t ,  tho rstriiortlinnrily grcnt nnd entirely distinct 
difTcwncw Iwi\wcii dimerent. citirs in respect, of tlio various clinrnc
t.rrist.ics of tlio cpitlcniic niny lie nppnrmt,. I t  is esscnt,inl t,o ninko 
tliiv vririution distinctly rvicleiit as a preliminary t,o the mialgt,icnl 
discussion of its cuusrs. It 1i:is bcen s1ion.n clearly that in rcspcct 
of cncli of t,lic following nttrilmtrs or cliaractei- of the epidemic 
mnrtiilit y ilirrcr \viis n IiittrIircI \-uri:itiori among tJie 40 dmoricnn 
cit>irsstntlictl. 

1.  Gnnmtl form of inortality ciirve. 
2. hl;isiiiiuni prnk iiinrt,:ility r:itc. 
3 .  I’cwlc ~l~l t r s .  
4. Niinibcr of tlistinct2iwalia in iiiortnlit,y curve. 
5. ‘l’iiiio Iwtmcrn pcnlis of mort,nlity. 
6 .  Sterpiiesu of nsccntliiig i i n t l  descending luiibs of morta1it.y 

cnrvc. 
7 .  1’:scrss niortttlity riite. 
S. I h r n t  ion of cpitlnniic inortality. 

T h o  riirintion nmong rit irs in tlirse different epidomiologicnl 
rliiiriict,rrs constitiiles n prcil)lcni nf first-clnss hygienic interest iind 
iitiport,nnw. \Thy did i t  csist.’? \Wiy were not nll c i h s  nt  lcast 
rrrison:ilily nlilio in tlirir inlhienza epitlcniic 1 If we e:m find sound 
:iii{l correct,, rwn t,liougli only Jmrtinl, iinswrm t,o theso questions 
wo slirill II:LTO g:iinetl p e n t  ly il l  t,liti t untlci~t,,iiitliii~of tJio epidamiol?gy 
of inllurnzn which must n1w:iys nndcrlio nny rfl’cctiro control of it.. 

of t.liis lirtil~lcnit.lint, ntttmt,ion will next 1)o 
drvot rt l .  
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an cpidemicitp index i t  
of 
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11'. Epidemicity Indices. 

T i t h  the variation data  in hand one further step is necessary 
% 	 before the analysis by multiple correlation can be complrted. TTe 

must hare  n single numericnl memure or indcy of thc force of the 
epidemic cxploiion in  any particulnr place. I n  tile earlier sections 

I we h a r e  seen tha t  the mortality curves in some cities hnoc R single 
very sharp peak, while in other cases the curre of epidemic mortnlity 
is a long, ion-, f ln t  curve. To deal practically with such diXcrenccs, 
i t  is essential to have some single numerical index vhich will be 
sensitire to  changes of any order in the curve, and nt the snnie limo 
will measure the essential characteristic which wc want to mr:isure 
in mi epidemic curre. 

Confining the discussion to mortality solely, i t  nppcnrs to the 
writcr that  the eqsential characteristic of nn epidemic currc  is that  
the death rate rises with grenter or less abruptness nbove its normal 
level to n peak, more or less pointed, nnd then clecliues ngniii to  the 
normal level, in a more or less steep or abrupt manner. In such n 
inoremelit of the death rate curve there are two furidnrnent:d vnri
al~les,namely, ( a )  the tinre during which the mortality departs from 
it.: normnl l e d ,  and ( b )  the e l f &  or degree of tleparturr. If q-e 
suppose the time ( a )  made n constnnt then the estcnt  of drparturc 
measurcs the force of epidrmic mortnlity. I n  grner:iI, common srnie 
would indicatc th:tt nny measure of the force of an epidemic, or, in n 
singlr nord, any measure of the Icrnic.ity of n disease must 
properly incorpornte both these variables.?S. 

In the discussion of the dcsiderntn of an cpidemicitp index ii will 
~ ~ ~A ; F P tmnr ~ A~ m-;afi,help to hnve some simple dingams of diffcrrnt t-rpcs epidcrnicq. 

For this purposc Fiqires 12 and 13 nre introduced. They arc purcly 
hypothetical illustrations. 
In each of the t\\o epidemics shoivn in these diagrams the snmc 

number of peoplr diet1 nnd the prnk drnth rate IWY rcnched a t  the 
same time. R u t  clenrly the outbrenlc depicted in Figire 12 would 
be grncrnlly regarded as n more sewre  or esplosiro cpitlrmic, qua 
epidemic, than the one shown in Figure 13. Suc.11 changes of the 
dcuth rate as are shown iii Figure 13 inny iucleed n o t  bc regarded ns 
epiclcmic nt all. me do not commonly think of the scnsotid riic in 
the cntlcmic iilffuenza rate as nn epitlcmic. Yet it i5 qunntitntivcly 
of tlio snmo order as the circumstances depicted in Figure 13. It IS 

of the cwenre of the idea of an epidemic, as commonly Iicltl, tha t  it, 
should have sometlkv of an explosive chartrcter-that is, there 
mui t  be n relatively large increase in tho death (or morbidity) rate,  
occurring in n. relatively short space of time, in order to constitutc 
n n  epidemic. 

-





* 

ic 

*I 
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This being so, any proper measure of the degree of epidemicity 
must first of all measure the degree of explosiveness of the outbreak of 
the diseasc under discussion. Thcre are a number of ways, mathe
matically, in which this can he done. The decision as to  which is the 
best method will turn upon the degree of sensitiveness with which 
each measures the essentially esplosire feature of the outbreak. 
I n  arriving a t  a mensurc of epidemicity for the annlytical study of 
tlic influenza epidemic in American citieq fire different plans have 
been tried. r e  may now discuss these different indices, and decide 
upon which is the best for present purposes. The data  used are the 

* wceldy mortality rates for thirty-nine American cities dealt T d i  in 
earlier sections. 

1. Stnntlwd deviation of epir7emie.-The first epidemicity index 
which would occur to  the biometrician is that  espressed by the 
standard deviation of the epidemic outbreak, measured in weeks, 
the dcath rates being regartled a$ frequencies. An epidcmic curve 
like that  of Figure 12 obriously has a smaller standard deriation in 
time than one such as is sholm in Figure 13. In  general, the  grentcr 
the explosiveness of the outbreak the smaller \~111be the standard 
deviation. Practically the manner in vhich this index is calculatrtl 
is as follow-s: 

(0)Take as the hnsis of calculation the duration of the cpitlcniic 
outbrenli as defined earlier.' 

( b )  n'ithin the range so defined cnlculatr the standard dcrintinn' 
in weelts in thc ordinary way, tho observed death rates being talten 
as ordinatcs. 

I n  the prrsent instance the constant tnkes this form: Lct y 
tlenote the death rate in a pnrticular wcck, and x th r  deviation of the 
week in which that rate occurred from the mean. Then, if I ,  denotes 
the epidemicity index, we hare 

when N i s  the number of weeks in the cpitlcmic period, and S denotes 
summation. This index is asp t o  cnlciilntc and l i n s  8, clrfinito pliFsi
cnl meaning. ~ r a c t i c n ~ y ,i t  V-OIII~I  prot)nl>y tw c:esirnMc it" 1,w.m 
to he used as an opiclcniicit,y indnx gencra!ly, to take some mult,ipic 
of its reriprocal for tabling, since ns t,hn inc!cs now stands i t  1)ecomcs 
numerically smaller as tlic esplosircness of the epidemic becomes 
prater.  The rnhic 1oo/ I ,  would be satisfact'ory. 

I KIP p. 20. 
lTiw 'kt;~iidnrdde\ htinn" is R w?ll-knomn Constnnt uml in biomctric work. 11 is tho root-rnc.ui

sqnnre-dci ialiiin nlwut tho inmn. For D detniicd dtsrrssion o f  this enlirtult sec \7ulc'~"Introduction l o  
thc Theor) Or Statistips" or any 01 tlio modern tmts 011 elcmenlnry siatlslicnl mclhodn. 
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2. Trariation qf excess death rates.-Another measure of epidemi
city whicli may be considered is of a more complex character than 
tlie last. Its nature may be indicated symbolically as follows: 

Lct H=mean death rate during epidemic, the latter bring delim
itrd as to duration by the definition in an earlier section already 
refrrrcd to; 

Jf'=mean tlcatli rate in tlic periotl from July 6, 1918, to out-
break of epidemic.

JI" = df -Bf' =increase in mean death rate during epidemic. 

rntr from M, and n is the numhrr of weeks in the epidemic period. 
E is the standard deviation of the epidemic death rates, encli equally 
wriglit cd. 

Then the second rpidrmirity indcx is 

100s
I,= 4r.r 

L I ~ I F ,quantity WIII lnerease ~9 cne cxplosiveness 01 me oumreaK 
incrrnsrs. In ordinnry hiomrtric trrminology it is the coefficient of 
rnriation of the wreldy dentli rntes in the rpidemic period, referrrd 
to the m r m  exceqs rnto ns a base. 

3 .  J f r a n  i n c r r n s ~in drnth rate during cpidemie.-As a third epi
ity called M" in the precedingtlrmicitr indcx wc may tnlco the quant 

srrtion. We then linve 
I,= d f  ' . .  . . .. . ..

4. Twent?l-$vc w e k s  ezcess rats.-It has ncen suggestea that tlie 
arrrnge excrsq norldy annual death rate for the 25 weeks endrd 
Jinrrli 1, 1919, might be usrd as a measure of tho force of the cpi
tlrmic. Inderd, it has brcu so used practically by various liralth 
oflicials. I n  the present connection we may designato this measure 
as I,. 

5. Peak-time mtio.-An epidemicity index which immediately 
innlccs strong npprd by virtue of its simplicity is a constant for any
inortrility ciirvc whicli mny be cnllcd the pcak-time ratio. The sym-
I)olicnl csprcssion for iL is: 

I,= P -T - ,y 

the duration II' of tho epiclcinic, I" bring dolimited by tlie dcfinitioii 
stntrtl rtirlicr in this paper, ant1 Jf' is the quantity defined under tlio 
wrne syml)ol in section 2 nlmve. This inclrx increases as the explo
sivcnrss of tlio out1)rcak iiicreasrs. In  fwt ,  i t  measures explosive
ness in the most simple aiitl direct way posshle. 
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V. Numerical Values of Epidemicity Indicea. 

- It is evident a t  once that these fire indices have different degrees 
of validity and usefulness. Before attempting to discuss them in 
detail, however, it will be well to get the nurnerical values for each, 
in the case of each of the 30 cities under discussion. This is done 
in Table SIII. 

TABLESII1.--Showing values of difiwnt epidemieity indires of mortalif!/i n  nmirun 
n'ties duriny I?IJ%LCIL:~C ep'dcm~cof 1918. 

Cities. ( m 2 i ) .  I , .  

__ 
1.61 	 R i .  0 40.13 4.7 13. fil 

5s. 5 9.31 2 .7  .?I2 
91.5 4s. 61 b. 1 19. t>l 
m.7 1 7 . M  ....... 2.41 
&S. 5 33.17 8.5 9.li2 
!r2. o 31.19 5.8 El. ni 
sq. 9 2:. 1;s 5.9 7 . 9 t  
7 2 . 1  24. OI 3. S 6.Ill 

8I;!), li. .I1 4.0 2. l i  
74.2 IX. :m 4.0  4. no 
51;. 4 14.0% 3.2 %TI 
91.1 21. (i7 3.5 i .21) 
bO. 9 :iY. 70 5.8 11.?2 
G .  7 s. LO 1.5 1.14 
53. 9 I?. 51 2.5 2. 1.; 
iq .4  15. . t i  3. B 
(i!.7 15, :Y 5.2 
71.5 6 .  1 
$1. 7 
57.4 
5i.  1 
72.(i 

4 
Of tlicsc fivo indices tlierc arc only tivo which need to 1)e tnkcn 

seriously into account as prncticnl working mcnsures of epidcmicity. 
z n c s e  are the first nnd lnst, 1,and 16. The 0 t h  t h e e  hi1 in that 

they do not adequately take account of the time or durtition vnrial)le, 
which, ns we have nlrendy seen, must bo an essrntinl factor in mcns
uring epidemic oxplosivcness. Thcso othcr indicos redly mrnsuro 
other aspccts of tlic epidemic better thnn t h y  do explosiveness of 
the outhrenk, which is the thing we nre just now interested in.  'rho 
inndequncy of I,, I,, or I ,  to mensiirc rclntive esplosiveiiew of out-
break cnn be readily seen by compnring, city by city, the vnlurs giwn 
in these columns of Table XI11 with the curves for the snmc cities 
in Figurcs 1-6. 
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As between 1, and I ,  tho advantage, for present purposes, of 1, 
is clear. It is numerically more sensitive to changes in the epidemic 
mortnlity curves. This fact is reflected in a comparison of the 
rrlntive variation of the fire indices which is mado in Table XIV. 
For comparing the relative sensitivity of the indices to differences 
in the epidemic mortality curves, the ratio of the standard deviation 
of each index to its moan has been tnlren. This ratio h a s  no signifi
cnnco in this caqe cxcrpt, for romparntiro purposcs. 

T A ~ L ESIV.--Rilnfiw straniti, ? t i /  of difmeat rpidemicily b d i c e s .  

It .......................... I 0.49 
I1 . .  ........................ 
1 7  .......................... i : E l  
I<.......................... ~ .R7 
I;. .......................... . i 7  

Bv conrcntional biomotric stnndnrcls it might seem n priori that I ,  
mould he n better epidcmicity indcx than I, .  Prnctically it is seen 
from Tnblo S I V  that tho superiority of I ,  is outstanding. The reason 
for this superiority apponrs upon analysis to he that this i n d ~ xrolatcs 
in tho simplest mnthcmnticnl mnnnor possihle the two essential 
factors in relative oxplosircne$s, namely, tho hoight of the explosion, 
and tho timo it roquirrcl, and is therefore most sensitive to differenccs 
in rdntive explosivcnrss. Tho same t-ype of constant might bo nqcd 
for the monsuro of nlriation in frequoncy curves generally, escept 
for tho fnet  that ordlnnrily it is impossildo to dolimit the ranqo hy 
nhsolutc drfinition, ns  cnn ho done in tho cnso of cpidoniics. In  an 
ordinnrp frrqucncy cur^ the probablo orror of any determination 
of thc rango is largo. Tho naturo of tho dofinition of the range or 
durntion nhich RO 11nvo hero adoptod for opidonlic curves, as well as 
tho chnrartcrwticq of cpiilcmic curves themsrlres, largely rodncos this 
prohaLlo error in tho prosont connection. And in any case, whatevor 
cfloct the probnhlo rrror of the empiric dotormination of durntion 
mny hnro will tond to be grcntcr in tho cnso of I ,  than of Is. 

T<iliingnll t h o  fncts into con=-idnr:itionit has heon dccidrd to adopt
I?,$15tlio xncwnrn of ruplmironnss of outhronk in tho furthor nnalytical 
study of tho iiiflurnzn cpidcmic. 
VI. 	The Correlation of the Explosiveness of the Outbreak of Mortality in the 

lnfliienzn Epidemic with Various Other Factors. 

T o  comn nom to tho most assontin1 pnrt of ?ha study, namoly, the 
attrmpt to find fnctois divortly rolnted to or concornod in the pro
duction of tho oxtrnorclinnry diffcrences botwoon differont cities in 
rwpuct of the rclntire n\plosironoss of tho autbreak of epidemio 
mortnlity. The mothod of analysis which mill be followed is that of 

c 
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multiple correlation.' The general principle of the corrolation method 
is simple. If in the present case, for example, we should find that, 
in general, when a city had a high influenza epidomicity index it also 
had a high density of population, and conversoly, that cities having 
low cpidcmicity indices had low density of population, it would hc 
said that there wns a positive correlation in variation between csplo
sivcnoss of epidemic and density of population. 

In  a system of n variables correlation hetween any two, with the 
others remaining constant, is inensured hy the cocfficiont 

ancl a coeficiont of zero order is found from the observations hy tho 
following well-hmown cspression: 

In tho  present case, because of tho statisticnlly small number of 
cities for which clata are nvailable, the zero ordcr coeflicientswere all 
determined by the direct procluct-moment method, without tho 
formation of correlation tables. 

Tho fiist group of phenomena of which one would naturally wish 
to know the estent to  which they were corrclntcd with explosireness 
of outbreak are certnin general demognphic chnractcristics of tlic 
seveml cities. The  following will be considered: 

( a )  Dmsity of popdaiion.-It is conceivnble-not to say n pm'om', 
rnther probnblc-that the esplosiveness of outbreak of nny epidemic 
disease would be highly corrclntcd with tho number of porsonq h i n g  
on a unit of nron. The figures for density used were calculated in 
terms of persons per acre of land area, on July 1, 1016.? 

(6) Gcogmp71icrrZposition.--It is n well known epidcminlogicnlInct 
that, in certnin clnssos of epidemic disease a t  least, the force of the 
epidemic diminishes ns one pnsses from the primary center or Iocus, 
This fact wiis Tory clearly dcmonstrntcd for the 1916 poliomyelitis 
epidemic hy Lavender, Freomnn, nnd I+'rost,3whore New York City 
wns the conter. Now, in point of time, tho influenza epidemic of the 
autumn of 1918 in the Gnited Statoq bogan in and about Boston, 
Mass. A great explosive outbreak occurred in Boston nnd Cam
hridgo earlier than in any other cities in tho country. We mny then 
ask this question: Did the influenza epidemic, as it  spread over tho 
whole country, follow tho opidcmiologicnl rule already referred to 
hecoming less intense and less osplosive tho fnrthcr, geographically, 
it  traveled from the Atlantic scnbonrd in genernl, nnd Boston in 

1 Piihlic Ilcnlth l3iillclin S o .  (11, 1'. S. ~ ' o h l i cnrnlth Scrrico, IOlR. 
2 Cf. Yub, 0. U. "On thr Theory 01 Corrrlntion," Jour. Roy. Stat. So?., Val. I X ,  1697, nnd "On t ho  

Theory 01 Correlation for nng N i m l m  or \-arinblca, treated bp a New Systcm or Notntion," Proc. Roy. 
6oc.A, vol. 79, pp. 1%-193, 1%):. 

a Dnln from "Piunnci.ii Slntistia of Cilia? Enring n I'opirlalion of orer 30,000 in 19li." Uiircali of the 
Census, 1918. 
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pnrticulnr? To answer this quest,ion, so far as the epidemic mor-
ta1it.y records of the present group of cities is concerned, we have cor
relntcd the epidemicity index I, for each.city with tho distanco in a 
stmight lino of tho same city from Boston, Mnss., mensuring these 
stmight line distances on a map. Such distance measurements are 
rough, of course. from an nbsolutc stnndnoint. but relntirclv tliev 
nro suf 
if nny 

( c )  1 

ing so ~ V . I F ~ ~ L L \ti I I  A W L  ~ , I I I I L Y  1 1 1  I C J ~ ' . U  VI ~tg;oLLO ILWD I I I I I U U L I I . L ~  I U  I L L L ~ U  

well be thc cnse tlint the explosiveness of tho outbreak of epidemic 
mortality would be mnrkrdly influenced by the ago cornpositmionof 
the populnt,ion in tho scrrrnl cities. To test this point hy tho cnr
rclntion method one must hnvo a sin& numericnl mensurc or index 
of the age composition of tho population in each city. Such n single 
nunicricnl mensuro is not nt hnnd. The problem of obtaining one is 
n prohlcm which has bothered vi6d statisticians for a long time, 
as the nerd for it always arises in dcnth rat,e corrdlntion studies of 
any sort. Thooretically, of coursc, no sin.gZe numcricnl rxprcssion 
can possibly bo found which will uniquely drscribe all tlie propertics 
of a complex rurvc. Tho best thnt cnn I)c dono is sonio form of 
approsimn tion. 

]Tor prescnt purposes an index of differcnccs in nge composit~ionof 
populntions mns adopted, which is admittedly rough and in specinl 
cnses mny bo inexact, but which practically has hcen found, in t.ho 
cnso of tho  40 cities hero dealt with, to giro n suflicicnt.ly accnrnh 
picturo of tlio dilfcrenccs in ago constitut,ion. "lie stntistiral pro
cetluro ndopted was to determine for each city the following vi~lue: 

mllrrn A is the dcvintion for cnch of six ngo groups (vix, 04, 5-14, 
Itj-?4, 25-44, 4544, 65 nnd over) of tlio prrcentage of the nctunl 
popultltion of each city in 1910 in ench ago group, from tlio per
ocntn~oin the snnie group in the Stniitlnrd Population of Glover's 1 

Life 3'alde, donoted in tho formula by P. S denotes summation of 
nll six vnlurs. The d u e  xa measures tlrougli the extent to which 
each city dcrintos in 1110 ngo constitutiou of its population from a 
f i y d  stnndiird, but doos not tell the nature or hind of the dcvintion. 
1?or prtmnt purposcr the liittor point is unesqential. WQnro pro-
posing to mowuro the correltition betwccn explosiveness of epi
tlrmic and dcpnrturo of population from normnl 111nge d~stri1)ution. 
h ro  Inrgo vnrintions in explosivcnoss gcncrnlly nssocintod with largo 
tlcvintioiis in ngo constitution of tho populntion? This question c m  
1)o nnswerrd prrfrrtlp 1)s tho uso of the prrsent indcx of nge consti-
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As a matter of rocord, and for roference in connection with the cor
relation data, tho mom and standard deviation of the variables 
included in Tahlo XV are gven in Tahlo XVI. 

TABLESVI.-Conslanlr for demographic data of Table XV. 

I Charnctrr.’ I >lean. I ~~~~~~~~ I 

Coming now to trhe consideration of the correlations me have tho 
following rosnlts: 

( n )  For t,ho correlation 1,otmocn nsplosivnness of epidemic mortality
(I,) nntl density of populat,ion-

T- +0.002f0.107. 

‘rho conficiont is lcss t,han its probablo orror, or is, in short,, sub
st,nntidly zero. This vnluo just.ifios tho conclusion that relative 
tlonsit,y of population in t,hnsn 39 cit.ies hnd not,hing t,o do with the 
T jlosironcss of the influenza onthrenlr. 
( .  k h o  insignificant dogroo of corrnlat~ionin this casn is shown graph
icnll. in Figure 14. ‘l’ho plan of this figiro is first to convort t,he 
nlwolute values of the npidnmic.it,yindm nntl density of population 
for anch city to relativo figures, the ninnn for nll ciiies being ialron 
n s  tho hnso 100. Tho cities nrn then nrrnngntl in tloscending ordor of 
rrlntirn npitlemicity indor (solid linn) nntl thn rnlat’iro(lensit,?figires 
for the w m n  cit,ios nro plotted as a broken linn. The higher tho 
corrolat,ion tho iiioro closoly will t.ho two lines tend to parnllel aach 
otlicr. IInro i t  is ovitlont t,hat tho clonsity lino runs quito independ
rntlp of tho opic1nmicit.ylino. 

( h )  h’or tho corrolat.ion hetmoen I ,  and geographicd position, 
liinnsurotl 1)ystrnight line distnnco from Boston 

r =  -0.34Sf0.005. 

This, clnnrly, is a wholly tlifTorcnt orclcr of rosul t, Iron1 thnt which mo 
hntl in tho cnso of thn tlonsit,yof population. Tho coelficient in the 
prcscnt caw is noarly four timos its5 prohnhle error nntl may almost 
cortninly be rognrtlocl ns  significant. Tho odds agaillst its being 
simply a witlnly tlovinnt, chnncn rosult of random smnpling more 
tIilu1 7s i n  1.’ ‘Tho sign of tho corficiont is nogatiro. This rosult 
iiinnns thnt tho grontcr tho linnnr ilistnncn of a city fmiu I3ostou tho 

_ _ _ ~ .  
3 cr. I’CXI~, it., and >finer,,I. I!. A ~ o b l olor Ystininting i l w  I w d n ~ h I ~Significonre of PLoLibiicnl Con-

S t m l r .  Mo.Agr. l:xpI. Slnt.Ann. l l r i ~ l .1011, pp.h-h<X. 
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less explosive did the outbreak of epidemic mort.alit,y in that city 
tend to be. This is in accord with t,he general epidemiological rule 
tJhatthe force of an epidemic tends to dimiish as i t  spreads from its 
primary or initial focus. I t  must,be noted, however, that the correla
tion coefficient in this case is not large. I t  is barely past the vnlue 
where it may safely be regarded fts statistically significant. This 
fact may probably be taken to mean that influenza does not follow tho 
epidomiologicnl law referred to with anyt.hing like such precision a3 
do some othor opidemic disemes, notably poliomyelitis. 

(e) For the corrclntion bctwecn explosivcncss of epidemic mor
tnlity (7,) nnd the dcvintion of the population in the severnl cities 
from R stnndnrd population in respect of age distribution 

T =  -0 .2G2~0.101.  * 

This coefficient is only n little more than two and a half times its 
probn1)le error, and cnn not snfcly I)o regarded ~9 significant. If 
there were no correlation whntever, n value of the coeficient as 
grobt as the present one mould be erpected to occur as often ns  
npprosimntely 8 times in every 100 trials with samples of .39 ench. 
In  nny case it is evident thnt the difference in age constitution of the 
populnt.ion in the difl'erent citics can hnve hntl 1)nt extremely little, 
if nny, influence in bringing nliout the observed differencos in ~ r p l o 
sirmess of epidemic mortality. 

( (1 )  For tho correlnt,ion1)etweonopidomicity indes I ,  nnd percent
nge gmwtli of population in the lnst interrensnl decade 

r = -0.327 *O.ODG. 

The coefficient in this CRSO is slightly more thnn 3 times it8sprol)nl)lo 
error, and is to bc rognrded as probaldy stntist,icnllp signiftcnnt. On 
its fnce the coeficiont, hnring the negntive s ip ,  mcnns thnt there is R 
definite but not pronounced t.ondoncyfor cities in the 89 which mntle 
n mlntivoly great porcentngo growth in populntion in 1900-1010, to 
show n rcliit,irolysmall explosion of inflnonzn mortnlity during tho cpi
tlrmic, nnd vim v o w .  This mould semi to indicnte t,lint tho cpictcmic 
mortnlity tontlcd to  be grcntest in the oldor nnd lnrger ciCies nnd lenst 
in the newor nnct smnllcr citios, sinre t,lieold nnd Inrgo cit,iosgenerally 
nro not now showing so high n porrentnge growth Einm yenr to yenr 
ns  Rro tho pungor  citios. The snmplo of 89, however, is too smnll to 
wnrrnnt s w h  n conclusion, 1)ccnnsein so lnrgo n country, nnd one so 
rolntivelv rcccntly ur1)anized in many pnrts, the rnto of url)nn popu
lntion growth is lnrgely bonnd up with distnnce from the Atlnntic sen-
Imnrd. The cit>ieswhich showed the lnrgest porrontqe increnso in 
popnhtion in IWO-IOIO are in gonorid those of the miiItIIe west. 

we cnn got a t  t i  qunntititt,ive estimnte of the mntter by the inelhod 
of multiplo correlntion. Letting tho sihscript 1 tlenote epit1emicit.y 

f 
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indes Is,2 denote percontnge growth of populntion 1900-1D10, and 
3 denote geographicnl position measured by strnight line distance 
from Boston, as before, we have for the net correlation between the 
explosiveness of epidemic mortalitv nnd rnte of population growth, 
with geogrnphicnl position constnnt 

r,,., = -0.188 fF.101. 

It then appears thnt the supposition mndo nl~ovois substantialJY 
correct. This net coefficient between epidemicity index and rate of 
population growth cnn not be regarded as statistically siggificant in 
comparison with its probable error. In other iwrcls, if we malie 
geographical lorntion constant the correlntion practically disnP
pears between tho other two variables. 

The general conclusion to which m o  come from mi examination of 
the correlation datn asscmliled to this point is that the-e four gene1?ll 
demogrnphic facton, dcnsity of population, grogrephid po,itio 'n1 

age distribution of populntion, and rnte of recent gron-th in popul a
tion, have practically nothin? to do, eitlirr sorerally or collertirelLYJ 
with bringing about those differences hetveen the se-rernl cities in 
respect of euplosireness of the oiitlironk of epitleinic moPtnlity in 
which m3 are intorosted. Signifirnntly cn~ i l a1or diffcrentintin~f 31c

tors must 1)o sought else~dirrc. 
Tho next general field t o  which ono naturally turned for coirel[a

tion study wns that of tho normal clonth rates, both finm all cnusics 
and frnm various pnrtiriilnr cnuses, in tho scrcrnl cities. Tho den t!h 
rate, crude or standardized, of any particulnr community of cons!d
ernhle size, is n relatively constnnt nttrihute of that community. T110 
doath rnte docs chance, to he surc, with the passnyc of t i m e , h t  onLlY 
slowly. Over n short period or ycarr tho tlcnth m t r s  of any Inrye ci 'Kwill be foiind to be iienrly constant. In so far they nre definite ntt,ri
butes of the city, which am, in gcnord, indicntire of the iiormnl riiIn1 
condition of the populntion. I t  is, thcrcforr, important to detmmi110 
tho eytent which tho normal mortality from raiioiir causes 15 corirc

c' lnted with the sevciity of tho unusual ant1 explosive mortality nrisi1% 
from a groat epidrmic. 

d Since, a t  the time of writinq, tho mortality stntistics for the re$is
tration a rm and its parts hove been publi-hcd only np  to  nnd inrlii!& 

ing 1916, tho noarest available aninin1 donth rates, in point of tinle, 
to the 1918 epidemic nro those for 1916.' Accordingly, these fiyni'CS 

aro used. In view of the fact nlrcacly stated that for large agg re
gatas of populntion, denth rates normally change only rcrj- slowly, i t  
is clenr that we are justified in tnlting the 1916 rates ns inilicnti.i.e,to 
a first approsirnation, of tho normal general mortality conditio'119 

1 ,\lortalltv Statirtics 1918, Scvontcenlh Annual Ilepori. liurcru 01 tlio (emu<,1115. 
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provailing in the several cities n t  about the time (in a lx-oad sense) 
that the influenza epidemic broke out. The cnusrs of deat8hselected 
for corrolntion purposes in the first study are exhibited in Table 
STTI. For convenience of reference and comparison the epidemicity 
index I , ,  with which these death rates are to be correlated, is given 
in the second column of the table. All the death rates are crude 
rates. 

TABIr STIL-Dntn for rmrdnlzon of crplosiarncss of influcnzn epidemic mortality,
7 ~ 1 t hdrnth rnfrsfroin tarmiis causes fm 1916. 

I 
Dmth rntrs pcr 100,MQ liring, from -

ehe 
es. 


-
7.5 120. R 24.5 
B.0 m.5 1.6 
1K 1 I M . 7  5.4 
13. B 50.1 .... 
3.4 1 l i . X  14 .5  

111.0 	 lW1.7 1s.x 
1 . X  112.4 7. 1 
5.2 91.3 5.4 
3 . 2  116.2 15. a 
s.3 X4.R 8.9 

13. 0 mi.  s 15, q
l!l,7 11-1.8 1. A 
111. 9 (11.9 r a  .$ 
I l i .4 h\. I 2.3 
21:, 1 !4!1. 'J. s 
13.4 XI. , ?. I 
?.I; W?.f 2.n 
11.6 K , ,  2.5. 
2c.7 hli.? 2. 7 
1.2.3 Ill.s 2;. 7 
a. 5 !IR. 0 211. 4 

3:. 	 I 77 ,  c, . o  
6.1 h5.B 2.5. 7 
P.7 110.2 5.3 

23.1 0:3.1 3.5 
&!l s1.5 9.9 
.i.n w.n ....a,!) w u  1. x 
7.0 m.1 6. 6 
! l .O U ! . X  a.7 
5.1 Illll.0 2%1xi. 6 Gi7.n 21i. 2 
a.0 111.7 L. I 
0. 4 	 ! I 5  3 h. R 

h- 0 7 .  3::; 13i: I 1.3 
12.2 110.5 .... 
2?. 2 !IT. 4 3.1. R 
lZ.0 ]I!?.: 2. ? 

-

Thr Im4c vnrintion constants for the dntii of Tnl~loS Y I I  nrc nssmn
hlrd in Tiible XVTII. In tho last column of tho t n l h  hnrc boon 
plncctl tho .\mlurs of tho gross or zoro orilrr corrclahioii cocficients 
mcnsuring the coi~ciationbrtvrcn the epidrniicitty intlrs Z5 (vhich 
wo Iiiivo nd3ptc.d tis tlic mcnsuro of tho esplusiwncss of tho outbronk 
of cpitlcmic niortnlit.~)on tho one Iiimd, and tho donth rates from the 
sovcriil cnusrs, on tho other hnnd. 

- .  


e 


3 

1 



_.___. 

- T  

STATISTICAL STUDIES OF THE 1918 ISFLUESZA EPIIIEMIC. d l  

TABLEXVIII.-Hean and standard deviationf o r  death rates f r o m  various causes. 

II hrlivecn 
Standldnl:d cpiclcmicilp

Cauwt of death. Mean death drviatior1 in iwlex Isniidrate. death mte. tho  dr:it ii 
rx!c lrniri tho 

Allmu .SrS~....................._.............................. 15.5.5eO.24 
..__ .  _ _ _ _  ... .I'iilmnnnrgluberriila~is.._...._..... ...____._ 1.1:. 51)=.1.1(1 ._. _ __._._ I$ ,<  ?'I=.!.  1:)Ormtiic h-art d i s r w  .._.._____...._.._.._.__. 

I :Ariirr iiriilirilisrrwl i lriehr'adiw..  ... ...... ................. I~ . :+~~ . I .  

IDeath rate per 1,ooO; in all other cilsm in the table the death rate 17 per 100,ooo. 

The outstanding fact which strikes one a t  once from this table is 
the high order of the correlntion which exists between tlie explosire
ness of the outbreak of epidemic mortality in these comrnunitirs and 
the normal death rate from certain causes of death 1m the same 
communities. In the first four lines of the table theb correlation 
coeficients range from about 6 to more than 10 times 1;he probable 
crrors. There can be no question as to the statistical significnncc of 
coeflicients of such magnitude. On the other hand, tliIC remaining 
coefficients in the table are of a distinctly lower order oi' magnitude, 
ranging from smaller than the probahle error up to three 3r four times 
thnt vnlue. It is clear that we have here hit upon a clue as to the 
bnsis of the observcd variation in cities in respect of explosiwncss 
of epidemic influenza mortality which ndl repay cnrcful cbsamination. 

- .  

Tlic highest correlation cocflicient of all is that on t,he first line 
of the table, for tho correlation of epidemicity index with dcntli rate 
from nll causes. Tho existence of-this high corrclation a t  once 
indicates that an essential factor in determining the degroo of explo
sivcnrss of tho outbrcnlr of epidemic influenza in a particulnr city 

c' 	 was tho  normal mortnlity conditions provailing in thn t  city. In 
the group of communities liere dcnlt with those cities 7which had a 
relatively high normal denth rnte had nlso a relativelj severe nnd 
explosive mortality from the influenza epidemic. Siinilarly, cities 
which normally have a low clenth rate had a relatirely I'ow, and not 
sharply explosive, incrrnso in mortality during the cpidemic. 

It will also bc noted that the correlations in the nest threo lines of 
tho table, namely those for pulmonnry tul)crrulosis, so-c nllrd organic 
disenses of the heart, and chronic nephril is and Briglit'si disease, arc 
of the same order of magnitude as that between tlic dcath rate from 
all causes and the explosivencss of epidemic out1)renk of inhcnza. 
These facts have certain aspects of general biological, and, in the 

3 
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opinion of tho nl-it.er, hygienic interest. They d l ,  however, not be 
discussed here, s m e  in one respect. 

Becausc of the potential importarico oC these facts, i t  is desirable to 
examine them with the grea,test critical care. A point which occurs 
to one at once i s  the possibility that the observed high correlation 
between cpitlcmicity index and pulmonary tuberculosis, organic heart 
diserscs, and acute ncphrit,is and Bright's disease, arises because of 
difl'erenecs in age constitution of the population in the different cities. 
In  general, i t  is known that the crudc death rate from thesecausesis 
influencod, in greater or less de,me, by the age constitution of the 
population. M:iy this not he the whole, or a t  least the main, cause of 
thc observed correlation ? Again, it has already bcen sccn earlier in 
the pnpcr t1in.t there is a distinct, though small, correlation betwccn 
the geographical position of the c,iticsstudied and the explosivencsa 
of tho epidemic mortality. May this factor not play an important 
part in the ohserrcd correlations of the epitlemicit,y index n-ith the 
causes of death showing a high correlation with enidemicit,v index? 

The simplcst and most direct,method of settling thcse qucstions is 
that of multiple corrclation. 7m a t  is needed is to gct the net cor
rrlation bctm-ccn the death rat,e from organic hcart diseases, let us 
sny, and cpidcmicity index, f alr a constant age distnbution of the 
populn.tion and constant geogi-, r.,.,.u.\,.L. A.I ...IL.LII ,,vL

minolopg of d n l  statistics wc must corrcct our results for age dis
tribution ant1 gooTaphira1 position. If v e  let the subscript 1 dcnot,e 
tho raiise of death (pulmonary tuberculosis, organic hcnrt digense, 
or ncutc nepliritis and Dright's disense, as thc cnse may be); the 
snhsrript 2 tlcnote t,he vnluc of t,hc measure of tlic esplosivenrss of 
tho epidemic mortalit,y, our epidrmirit7 index I,; the subsrript 3 
dennto jirngrnphicsl position, mcasnrrd as bcrorc by linear distance 
from Doston; nnd tho  suhsrript 4 dcnotc deviation of the populntion 
fron-I n stniidnrd nqc clistrihution, the thing d e + d  to  scttlc tho 
points m i 4  nhove is tho net correlation coenicient, r,?.?,. 
r,:ymenns of tho  equation alrcatly given (p 33) thosc net cocficirnts 

have3 1)roii determined \Tit11 thc follon-ing results: 
1. R r t  rorrrlntion bet\reon influcnzn rpidcmicity indcu and dcnth, .  2 r . .  I . . .  1 ..rntc irom puinionary tuDcrcuiosis, lor constant age ciistriDuuon nlid 

gropraphirnl position, F , ~ . ~= +0.609 0.068 
3. Net rorrrlat8ionbctwccn influcnza, cpidcmicity indcx and death 

rntc from orynnic diseascs of the heart, for constant & y edistribution 
mid gcoqraphiral position, T , ~ . ~= +0.50$ -I: 0.070 

3. Xrt, correlation between inflrirnzn epidrmicity index and denth 
rntc from arutc nrphritis niid bight ' s  disease, for constant ago 
distribution and gcogmphicnl position, T ~ ~ . ~ ,= +0.510 f0.030 

From thcso results i t  is sccn tlinL, instead of the correlation be
tmccn thc csplosivcness of epidemic mortnlity and death rate from the 
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diseases mentioned being duc to uncorrectcd age nnd locality factors, 
the nct correlations after correction has been made for thei;e facton, 
aw actually higher than were the gross, uncorrected corrrlctiions. The 
net correlation of the pulmonary tuberculosis death rate with epi
demicity index is tlie highest of the three. It has n value about 9 
times its probnblo error. The clinnces nre literally billions to 1 
against this corrclation being due to  accident or chance. We mny 
conclude that the most significant fnctor yet cliscovered in cnuqing 
the observed wide vnrintion amongst these 39 American citirs in 
reqpect of the esploqivcness of the outbrenk of epidemic inflncnzn 
mortnlity in the autunin of 191s ~ v n stlic relatirc normal liability of 
thr inhnbitants of tho srvernl cities to  die of one or nnother of 
the thrce great cniisrs of dcnth mliicli primarily rrqult from n 
functionnl brcnkdomn of one of tho thrce fundamentnl organ systcms 
of the animnl body, the lungs, the heart, mid the kidneys. 

Vn. Summary. 

In  tliiq first stutly the weelcly mortality stntiqtics of the influenza 
epidemic hginnirig in tho nntiimn of 1918 hare  Iwen annl~-zedin a 
prcliminnry wny for some 39 large Amcricnn citics. It has bcen showii 
in tlic first instnnce that tlicre ww a n  cstrnordinnry dr<qeeof rnr in
tion nmongst tho srvcrnl cities in this group of cities in rrsprct of 
tlio rrlntivc degree of explosircnrss of the ont1)rr:ik of epidemic 
mortdity. The first pro1)lem confrotitinq tho student of tlic epidcmic 
mns the nnnlpqiq of this variation, to find, if possihlc, primary fnctoir 
concerned in its cnusntion. Such nn mnlysis, by the method oi mul
tiplc corrrlation, nppcnrs to  demonstrate that  nn importnnt fnctor 
so f:ir found in cnusing tho o1)srrvcd wide rnrintion amongst thrse 39 
Amrricnn citics in resprct, of the explosivcncss of the out1)rr:il; of 
epitlcmic iiifliienxa mortdity in tho autumn of 1918 was thc nxiqii

tiitlc of thc nortiin1 drat h rates o1)serrcd in tho snmo comniunit tcs, 
pnrt i ~ k i i l ytliosc dent 11 rntcs from pu1inon:Lry tubcrculosis, dispasrs 
of the heart nntl of tlic kidneys. 
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